INTRODUCTION
Pesticides are an integral aspect of pest control in modern agriculture. However, most synthetic pesticides are associated with a number of undesirable side effects.' Many insects and other plant pathogens have become resistant to chemical pesticides.2 For example, 423 species of insects and acarines were resistant by the end of 1980.~ Of these 260 species (60%) are of agricultural importance. Furthermore,'due to greater biologica~.productivity in the tropics the development of resistance to insecticides by pests may be more rapid.2 Therefore, the discovery of new pest control agents with novel modes of action and greater selectivity on target pests while addressing the human safety concerns remains an urgent need. Many plant species have developed highly sophisticated defence systems, consisting of a complex array of defence chemic a l~.~ These disrupt pest physiology and behavioural activity and provide us with a diverse group of complex chemical structures with different modes of action.
The present study was conducted to identify insecticidal of potential value in Sri Lanka. Two agriculturally important insect pests, the groundnut aphid, Aphis craccivora Koch. (Homoptera : Aphididae) and the diamond back moth, Plutella xylostella (L) (Lepidoptera : Yoponomutidae) were used as test insects. The groundnut aphid, A. craccivora is a major pest of groundnut and other plants of the Leguminosae. They cause wilting in hot weather but the most serious damage is caused by the transmission ofthe groundnut rosette virus and other v i r~s e s .~ The other test insect P. xylostella is a very common pest of cabbage and turnip. Severe attacks occur during hot and dry weather.
METHODS AND MATERIALS
Solvent extracts from 55 plants (94 extracts) were screened againstd. craccivora (Table 1) while 15 plants (23 extracts) were screened against P. xylostella (Table 2) .
Plant Material: Plants used in this study were of reproductive maturity. Plant specimens were collected (1-5 kg) from different localities of Sri Lanka, especially from the Central Province and were identified by comparison at the National Herbarium, Royal Botanic Gardens, Peradeniya. The plant material was immediately washed with running water to remove contaminated soil and other surface impurities. They were then cut into small pieces (3-6 cm in length), shade-dried immediately and powdered in a laboratory mill.
Plant Extracts:
The air-dried, ground plant material (100 g) was extracted successively with 500 ml each of hot hexanellight petroleum (40-60°C), dichloromethane, ethyl acetate and methanol in a Soxhlet apparatus. Some were extracted directly with cold ethyl acetate and cold methanol in a bottle shaker. The solubles were concentrated to dryness separately using a rotavapor keeping the water bath temperature below 45". The extracts were subjected to insecticidal activity tests as described below.
Test Insects : A. craccivora was cultured in one-week old cowpea, Vigna ungiculata (L.) Walp., seedlings (cv: Bushitavo) kept in insect proof cages (105 x 45 x 45 cm) a t a low population level (5 adults per planth5 One-day-old apterous female adults were used in all experiments. They were handled by means of a moistened camel-hair brush.
P. xylostella was cultured on radish plants (cv: Bola Rambu) planted in clay pots (15 cm diameter and 11 cm high) filled with 1:l:l mixture of top soil, sand and compost in the laboratory.
All experiments were conducted a t a mean temperature of 29.5 k 4°C and relative humidity (r.h) 80 f 4%.,A 12-h photoperiod was maintained by employing a clock mechanism to control four fluorescent tubes (40W) hung over each cage. In all experiments, the moribund insects were counted as dead and mortality counts were taken 24 and 48 h after introduction (HAI) of insects. The experiments were in completely randomized design (CRD). Relative toxicity against A. craccivora 5.6: The spray solutions were prepared as follows: each extract (64 mg) was mixed with 128 mg of the detergent, LF 12 R (supplied by Ciba-Geigy Ltd., Basel, Switzerland), in 1:2 (w/w) ratio and was dissolved in analytical grade methanol or acetone and diluted with distilled water in 1:9 (vtv) ratio to obtain 16 ml of a 4000 ppm emulsion.
Fifteen aphids were placed on the underside of a detached young (one-weekold) cowpea leaf. Each leaf was placed on a moistened filter paper (Whatman No. 1) kept in the basal plate of a petri dish (9 cm diameter). After the aphids had settled (about 30 min), each leaf was turned upside down and sprayed with a 4000 ppm emulsion of an extract using a Potter's spray tower. For each spraying, 4.0 ml of the above emulsion was used in the spray tower under a pressure of 20 g cm". The leaf was turned right-side up and the base ofthe petiole was inserted into a moistened cotton plug to slow down desiccation. The basal plate of each petri dish was covered with a tight-fitting plastic lid containing windows of fine gauze. A mixture of the particular solvent, distilled water and the detergent was used as standard control and distilled water alone as an untreated control. The experiment was replicated four times. Mortality counts were taken 24 and 48 HAI. Relative toxicity against P. xylostella: Cabbage leaf disks (9 cm diameter) were dipped in 4000 ppm emulsion of each extract and were left to air dry. The dry disks were offered to 10, second instar larvae of P. xylostella obtained from the above culture. The cabbage leaf disks and larvae were confined into a glass petri dish (9 cm diameter) with a moistened filter paper placedat the bottom. Cabbage leaf disk dipped in the solution without the plant extract was used as the untreated control. The treatments were replicated three times and arranged in CRD in the laboratory. After the introduction, larval mortality and their developmental abnormalities, if any, were recorded daily. The leaf area consumed by the 10 larvae were recorded at 48 HA1 using a graph paper, and then the treated leaf disks were replaced by fresh untreated ones.
Evaluation of the field performance ofHortonia angustifolia: Field performance of Hortonia angustifolia (Rt) methanol extract against cabbage leaf eating caterpillars was comparatively evaluated, with neem oil (Kandy Ayurvedic Drugs Ltd.) and some other commercially available pesticides, at the open prison camp Pallekalle, in the Kandy district ( Table 3) . In this experiment, cabbage (cv : SD cross) was planted in plots of 12 m2 a t a spacing of 40 x 50 cm; each plot was separated by a one-meter wide strip of land. Different treatments were sprayed to individual plots, using a high volume knapsack sprayer, at 10 day intervals commencing two weeks after transplanting. Each treatment of insecticide was replicated three times and arranged in Randomized Complete Block Design (RCBD). Immediately before each insecticide application, the number of leaf eating caterpillars in 10 randomly selected and labelled plants in each plot was recorded. Before harvesting, leaf damage was visually estimated using the 1 -4 scale (Leaf Damage: 0-25% = 1; 26-50% = 2; 51~75% = 3; 76-100% = 4). After the harvest, the percentage of yield loss due to caterpillar damage was determined.
RESULTS
Relative toxicity against A. craccivora Out of the 94 plant extracts (from 55 plants) tested for insecticidal activity against A. craccivora, the following showed significant activity (p < 0.05) with high percentage mortality (56-90%) [compared to the Untreated Control (UC)] a t 24 HA1 (Table 1) ; the hexane extract ofPleiospermium alatum (St Bk) and the methanol extracts of Costus specious (Rh), Ocimum gratissimum (Rt), Celtis cinnamonea (LO, Curcuma zedoaria (Tb), and Cestrum aurantiacum (Lf).
'
A number of reports on the ethnomedical uses and isolation of chemical constituents have been reported for C. specious, C. zedoaria, P. alatum and 2.
zerumbet. The antifungal principle of the rhizome of C. specious has been identified as the methyl ester ofp-coumaric a~i d ;~,~ this plant which possesses a variety of biological activities, is also a source of dio~genin.~ The rhizome of C. zedoaria is applied externally on wounds, ulcers, sprains and certain types of dermatitis; C. zedoaria is reported to have antibacterial and antifungal activity.1° The knti-fungal agent in P. alatum has been identified as seselin;ll alkaloids and coumarins have also been isolated from this plant. The powdered rhizome ofZ, zerumbet is used as an antidiarrhoeic agent; chemical constituents preseilt in this plant are zerumbone, zerumbone oxide, humulene in addition to a number of s e~q u i t e r p e n e s . '~~~~~'~ Relative toxicity against P. xylostella
In the laboratory experiments, at 24 HA1 significantly high (p 2 0.05) insecticidal activity on P. xylostella was observed with P. alatum (St Bk) and-H. angustifolia (Rt) treatments. At 48 HAI, C. aurantiacum (Lf) also showed significant mortality effect on larvae. Significantly low pupation and adult emergence was observed in larvae fed with cabbage leaf disks treated with all the tested plant extracts (Table 2) . Second instar larvae fed on leaves treated with C. zedoaria (Tb) and C. aurantiacum (Lf) showed some developmental inhibitory activity.
These larvae could not develop into the third instar stage and while.becoming motionless their antepior part of the body became dark in colour and half-cast exuviae were found a t the posterior end ofthe body. As aresult, the second instar did not develop into the third instar and died. Evaluation of field performance of Hortonia angustifolia methanol extract against cabbage leaf eating caterpillars Plots treated with neem oil, chlorofluazuron, triflumuron and the methanol extract of H. aizgz~stifolia (Rt) reported significantly low (p 2 0.05) number of leaf eating caterpillars when compared with the untreated control and the rest of the treatments with Bacillus thuringiensis and methamidophos ( Table 3 ). All treatments, except methamidophos significantly reduced the leaf damage when compared with the untreated control. However, plots treated with neem oil and chlorofluazuron reported significantly (p 2 0.05) lower leaf damage than the rest of the treatments. But at harvesting, none of these treatments gave significant reduction (p 2 0.05) of the yield loss due to caterpillar damage when compared to the untreated control.
DISCUSSION
From the tested plant extracts hexane extract of P. alatum (St Bk), and methanol extract of C. specious (Rh), 0. gratissimum (Rt), C. cinnamomea (LO reported the highest insecticidal activity against the adultAphis cracciuora. The methanol extracts of C. zedoaria (Rt), and H. angustifolia (Rt) also showed moderate insecticidal activity against the sameinsect.
The hexane extract of P. alatum (St Bk) and the methanol extract of H. angustifolia reported a strong toxic effect on larvae of P. xylostella. Methanol extracts of C. zedoaria (Tb), C. aurantiacum (LO andH. aigustifolia (Rt) showed antifeedant activity and some adverse effect on the development ofP. xylostella. In a field assay the extract of H. angustifolia was significantly more effective on the reduction of cabbage caterpillar compared to an untreated blaik whereas it was much less effective in the above reduction compared to some commercially available insecticides.
